Abstract-Breaking wave plays an important role in air-sea, wave-wave, wave-current, currentcurrent interaction. Wave breaking not only disturbs communication of sound chiefly because of the transient noise of the air-entrained bubbles. A useful analytical method, Gabor transformation, is applied due to its advantages over nonsymmetric and abrupt transition signals in breaking events. Numbers of bubbles and size distribution in a specific wave condition is analyzed in laboratory experiments.
Protective structures like sea walls, breakwaters, submerged dikes are popularly deployed in nearshore ocean engineering. Formation of propagating wave will deform due to the wind drafting force, topography variation and release the accumulated wave energy. Breaking of water waves plays an important factor in many ocean studies, such as air-sea interaction, remote sensing, wave dynamics, and gas transfer to the atmosphere. Breaking wave always results in severe destructions no matter if it happens on the wide open ocean or nearshore coast; vessels, mariners and creatures suffered for that.
Distortion of a periodic wave starts to collapse when the front of wave crest is onset to break beneath downstream, dubbed as an active phase [1] . The collapse wave front will entrain air volume into the surface water layer in a very short time, say whitcapping process and which will produce dense plumes of different sizes air bubbles. Breaking attracts more and more attentions with its specifically characteristics. Various methods and techniques such as acoustic methods, photography method [5, 7] and remote sensing method [4] are presented in order to detect bubble sizes at the breaking region.
Bubble clouds are distributed underlying propagating waves, the mainly disturb source of the underwater communication [2] . Estimation of the bubble size and numbers from the breaking event is normally very hard to obtain. Stokes (1993) used the photographic method to obtain the bubble size spectrum. As a result of fragmentation of turbulence, that dominates the production of larger bubble distribution. In terms of acoustic, Minnaert (1933) proved the noise produced by bubbles is related to the simple radial pulsation of bubbles and derived the resonance frequency of bubbles. Friedlander (1995) derived a representation lead for those signals with behavior of nonsymmetric and abrupt transitions, such as bubble emission noise. Application of Gabor coefficient is adapted in this study and got satisfied results of the distribution of bubble size when wave propagates through a rectangular submerged dike.
The resonant frequency of the bubble and the radius is expressed as
where P 0 is the steady pressure at infinity, R 0 is the equilibrium radius of a spherical bubble, γ is the ratio of specific heat (1.4 for air) and ρ is the density of the host liquid.
EXPERIMENTAL SETUP AND WAVE CONDITION
All experiments are carried out in a glass-walled wave tank with the scale of 25 m long, 0.6 m wide and 0.5 m high. Wave generator used in experiments is of piston type and controlled by an electromechanical hydraulic serve system. At the end of the tank is fitted with a beach which was constructed by anechoic armor units, to minimize the wave reflections. A submerged rectangular obstacle is mounted on the bottom of the tank and 12 m away from the paddle. The obstacle has the same width as the tank with which has the length of being L = 0.15 m. Schematics of the experiment is shown in Fig. 1 , direction of wave propagation is from left to right and terminal at and anechoic beach.
Top View Side View Figure 1 : Schematics of the experiment.
The sound radiation from the entrained bubbles will be measured by the hydrophone mounted after the submerged dike. The sampling frequency of the hydrophone is 100 KHz, comes with one second recording time. A consistent water depth h = 15 cm, T = 1.0 sec, and the propagating wave height H = 4 cm is adopted. Those measured signals will be first analyzed distribution on the frequency and go through the Gabor transform before the final employed. In the Fig. 2 , it shows a series of results that measured and proceeded of the environmental noise. Fig. 2(a) , it represents signal recorded in one second and which is also full of small amplitude fluctuations. From the frequency analysis can help to figure out the noise sources are composed by some frequency bands (f > 30 KHz, f < 500 Hz). The filtered result is shown in Figs. 2( in frequency and time domain that processed by the Gabor transform.
In the series results of Fig. 3 , the short time existing and the pulse phenomenon of bubbles is obviously showed in the time domain like Fig. 3(b) shows. Compare the result in Fig. 3(c) , several intense peaks occurred in the time domain, and via the work done by Gabor transform, distribution on the frequency domain is conspicuous. The trapped picture of the breaking wave process is shown is Fig. 4 , from the picture can chase down the quiescent phase [1] and dense plumes of bubbles formed. According to the characteristics of bubble size and frequency, take 25 Hz division to the frequency and 4 times of the averaged environmental energy intensity as a criterion level. Since that, the result of numbers and frequency will be derived out over the whole frequency. Due to the relation between frequency and the bubble radius, the histogram for averaged bubble numbers versus bubble radius is deployed as Fig. 5 shows. 
CONCLUSIONS
In this paper, an application of Gabor transform is deployed in estimating bubble distribution of a breaking event. From the results showed in the figures, one can realize there exist and relation between bubble size distributions and the wave height for propagating wave breaking over the under water obstacle. Many possible reasons will result in the bubble size distribution; further studies will follow up under different wave conditions. Bubble probability density for breaking events is expected to be accomplished when the whole measurements are done.
